A direct method of designing filter dividers is presented in this paper. The method is based on the filter divider's coupling matrix derived from coupling matrix of the associated filter. Through properly placing the output resonators, in phase or out of phase outputs could be obtained. Examples are given, the measured results accord well with the simulated results, showing validity of the method.
Introduction
Microwave dividers are widely used in so many cases such as antenna arrays, power systems, etc. Many works have been done about microwave dividers. Usually used microwave divider is Wilkinson divider which uses impedance transmission lines to ensure that characteristic impedance of each port is the same one, usually 50Ω [1] [2] . Since divider is a circuit with 3 ports, it could also be designed using multiple network theory [3] [4] . If special frequency selectivity is needed with a divider, the divider could be designed starting from a filter [5] [6] [7] [8] . The work [5] gives an example. However, optimization is used in the design process. In this paper, a direct method without any optimization is proposed to design filter dividers based on coupling matrix derived from coupling matrix of the associated filter. Based on this method, the design of a filter divider is just like the design of a filter except some parameter managements. Through properly placing the resonators at the output ports, the filter dividers designed could easily have in phase or out of phase output signals.
Organization of the Text
Design Method of the Filter Divider. Fig. 1 shows a schematic of a third order bandpass filter, where denotes the ports, denotes the resonators, and denotes the coupling between the resonators or the resonator and the port, the associated coupling matrix is shown in (1). From the proposed filter in Fig. 1 , a filter divider could be derived like the one presented in Fig. 2 , where the divider has two output ports. The coupling matrix of the filter divider is shown in (2). Similarly, the output power from port L1 or port L2 in Fig. 2 should be same with the power output from port L in Fig.1 just with a coefficient of 1/2. Since the power accepted by resonator 3 or resonator 4 from resonator 2 in Fig. 2 is already half of the power accepted by resonator 3 from resonator 2 in Fig. 1 , the parameters of each output branch in Fig. 2 should be same with the parameters in Fig. 1, thus The simulated responses of the filter are given in Fig. 3 . Fig. 3 Simulated responses of the filter Based on the filter coupling matrix, using formulas above, the coupling matrix of the filter divider could be obtained as formula (6) . Fig. 4 gives the simulated responses of the filter divider. It could be seen that the S11 in Fig. 3 is identical to the S11 in Fig. 4 . The S21 and S31 in fig. 4 are identical, and also identical to the S21 in Fig. 3 with only 3dB lower. So the frequency selectivity performance of the filter is held by the filter divider. , the phases of the output signals would be opposite. The signs of the coupling coefficients could be determined by properly placing the output resonators. Fig. 5 gives an example. In Fig. 5, P1 is the input port, P2 and P3 are the output ports which are symmetrically placed. It could be clearly seen that the electric fields in one half of the resonator would be opposite to the electric fields in the other half. Thus the exciting electric fields of the output resonators are opposite, so P2 and P3 would have opposite output phases.
Design Examples and Measurements. According to the coupling matrix in (6), two microstrip filter dividers are designed, fabricated and measured. The thick of the used dielectric layer is 0.508mm and the relative permittivity is 2.2. The measurement instrument is Agilent PNA 5230C. in the signal band, the maximum differences between the two output ports are less than 2.1dB in the band from 2.6GHz to 3.4GHz. Because of the tapping feed lines, transmission zeros could be seen above the signal band. These transmission zeros enhance the signal suppression in the upper stopband. For the divider with out of phase outputs, the resonator which is between the two output resonators introduces other transmission zeros in the lower stopband for each signal path. These transmission zeros improve the performance in the lower stopband as shown in Fig. 6 . A larger measured bandwidth could also be seen in the figures as compared to the simulated ones. This may be caused by the difference between the relative permittivity used in the simulation and the real relative permittivity of the dielectric layers. The output phase difference of the divider with in phase outputs is less than 1 degree, and the phase difference of the divider with out of phase outputs is 180 degree with deviation less than 8 degree from 2.6GHz to 3.4GHz.
Summary
This paper gives a direct method to design filter dividers with in phase or out of phase outputs. This method makes the design of filter dividers like the design of a filter. And the in phase or out of phase outputs needed could be obtained just by properly placing the output resonators. Examples are given, the measured results accord well with the simulated results, showing validity of the proposed method.
